Objective: The purpose of this meta-analysis was to investigate the co-occurrence of motor impairments in children with speech and language impairments. Children with speech and language impairments were compared to children without these impairments in terms of measurements of motor error, motor score, and motor time.
presented extensive evidence from an in-depth literature review that specific language impairment is associated with other functional problems including motor impairments.
Based on a large number of studies reviewed by Ullman and Pierpont, the authors concluded that contrary to the definition of SLI, people with SLI may also exhibit nonlinguistic problems, such as impairments in motor functioning, working memory, dynamic mental imagery and rapid temporal processing.
To better understand the neurological status of children with language impairment, Trauner, Wulfeck, Tallal, and Hesselink (2000) performed neurological examinations of 72 school age children with developmental language impairment and 82 age-matched control children. The results showed abnormalities in 70% of children with language impairment compared to only 22% of the control children. The most common abnormalities in the children with language impairment were obligatory synkinesis (42%), fine motor impairments (35%) and hyperreflexia (14%). In another experimental study, Hill's (1998) compared motor skills in four groups of children: (a) 19 children with SLI, (b) 11 children with developmental coordination disorder (DCD), (c) 25 agematched control children, and (d) 17 younger-age control children. The motor skills were assessed using Movement Assessment Battery for Children and praxis tests. The results indicated that SLI, DCD, and younger-age control groups showed significant difficulty in performing motor tasks, suggesting that poor maturation of development might be involved. Powell and Bishop (1992) compared 17 SLI children to 17 normal controls, and found that children with language impairment are significantly impaired in motor function. After matching the groups, the SLI children did more poorly than control children on a motor skills test. Owen and McKinlay (1997) conducted a study that showed that children with developmental speech and language disorders were significantly slower than normally developing children in motor tasks, such as pegmoving, threading beads, fastening buttons and placing crosses in boxes. Owen and McKinlay's (1997) findings suggest the importance of assessing motor deficits in children with developmental speech and language disorders.
In Bishop's (2002) study of twins, where at least one twin met diagnostic criteria for speech and/or language impairment, the motor skills were assessed using tapping and peg-moving tasks. The twin children with speech and/or language impairments obtained a significantly poorer tapping and peg-moving scores than unaffected twin control children.
After performing genetic analysis, Bishop (2002) concluded that genetic risk factors for articulatory and phonological disorders might be responsible for motor impairment.
Similarly, Dyck, Piek, Hay, Smith, and Hallmayer (2006) found a very strong correlation between expressive and receptive language abilities and fine/gross motor abilities in autistic children. Fernell, Norrelgen, Bozkurt, Hellberg, and Lowing (2002) studied developmental profiles in a group of 25 children with language impairment. The results indicated that approximately 90% of children have additional developmental disorders, including motor impairment. The results confirmed the need for a wide assessment program for children with language impairment. Appropriate and timely identification of children's developmental problems would improve the chances of determining the most favorable, early intervention program for school children (Fernell et al., 2002) . In another study, Webster et al. (2005) re-assessed fine motor and gross motor function in 43 school age children who were diagnosed at pre-school with developmental language impairment (DLI). At the re-assessment 52% of children had motor impairment and 81% continued to have language impairment. The result showed an association between communication and motor functions, and that more than half of the children with developmental language impairment had fine motor and gross motor delays. Furthermore, at the school-age follow up only 12% of children were receiving regular occupational therapy, compared to 69% who were receiving regular speech/language therapy. Also, only 24% of the parents believed that their children have difficulties with motor skills.
The relationship between various motor, speech, and/or language impairments has been widely examined in recent years (Wilson & Mckenzie, 1998; Wassenberg et al 2005; Ullman & Pierport, 2005) . Although one literature review of co-occurrence of motor impairment in children with diagnosed speech/language disorders was previously performed by Hill (2001) , a meta-analysis of studies examining co-occurrence of motor and speech/language impairments has not been carried out. Thus, the purpose of the present study was to conduct a meta-analysis to empirically substantiate the relationship between motor and specific language impairments. For this meta-analysis, we reviewed studies analyzing motor abilities in children exclusively diagnosed with various types of speech/language disorders such as specific language impairment (SLI), receptive language delay, articulation disorder, developmental aphasia, developmental verbal dyspraxia, developmental speech disorder or developmental language disorder. Meta-analysis is an objective method for comparing children with motor impairments and normally developing children (Wilson & McKenzie, 1998) . Metaanalysis is particularly relevant to occupational therapy which is in its early stages of research to support evidence-based clinical practice (Ottenbacher et al., 2006) . The following research hypothesis was formulated for the present meta-analytic study:
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Children with speech/language impairments compared to children with normal development, would exhibit motor difficulties specifically in three composite measures of motor error, motor score, and motor time.
Methods

Definitions of Independent and Dependent Variables
The independent variable for the study was the presence or absence of speech/language impairments. The speech/language impairments category included specific language impairment (SLI), receptive language delay, articulation disorder, developmental aphasia, developmental verbal dyspraxia, developmental speech disorder, or developmental language disorder. The primary characteristic of these speech/language impairments was that they were generally described as developmental disorders of speech and/or language with absence of other impairments (Ullman & Pierpont, 2005) . The dependent variables were performance scores on motor skill tests. The types of motor skills tests, included but were not limited to peg moving, finger opposition, Motor Accuracy Test, Movement ABC, repetitive finger tapping and other standardized and non-standardized motor skill tests.
Sample of Studies
Data were collected from studies that compared speech/language impaired children and normally developing children on motor measures. Three search strategies were used in identification of studies for inclusion in the meta-analysis. First, twentyeight studies identified by Hill (2001) were reviewed. Second, a computerized literature search within Web of Science and PubMed was executed with key words motor, language, speech, impairment(s), disorder(s), problems, difficulties, function, correlation, co-occurrence, co-morbidity and children. Key words were used in various combinations.
These key words were chosen because the aim of this meta-analysis was to find an association between co-occurring motor impairments in children with speech/language impairments. This broad variety of key words were used to make sure that as many as possible variations of speech/language disorders and motor difficulties would be included in the search results. Third, references and citations of collected studies were searched for relevant studies. The articles were examined to establish if the studies fulfilled the following inclusion criteria: 1) published or available in English between 1960 and December 1, 2006; 2) original studies; 3) included only children between ages 2 and 21 years old with diagnosed speech and/or language impairments; 4) presence of healthy control group; 5) motor performance assessed using standardized and non-standardized motor skills testing, and 6) test scores (SD and means) available for effect size calculation. No minimum sample size was set for the inclusion in the analysis. Studies were excluded if they did not meet the inclusion criteria, or if the outcomes of the studies did not allow the calculation of the effect size (Ottenbacher et al., 2006) .
Extracting Data and Coding the Studies
For each study, the following information was extracted and coded: (1) author(s) and year; (2) speech/language disorder diagnoses of the participants; (3) number of participants; (4) description of the motor testing; and (5) test results (SD and mean) required for computation of effect sizes. All relevant data were entered into Excel spreadsheets. The coding strategy for motor test categories was based on methods by Wilson and McKenzie (1998) . The studies were coded into the following three categories:
A. Motor Error -represents the number of errors/faults committed during a test, or an impairment score on the test.
B. Motor Score -represents a score on motor assessment.
C. Motor Time -represents a time taken to complete a test.
Data Analysis
The effect sizes were computed using the Comprehensive Meta-Analysis software (Borenstein, Hedges, Higgins, & Rothstein, 2005) . The software automatically computed effect sizes (d), Fisher's Z and other values using standard deviations (SD), means and sample sizes. Effect size (d) values of 0.2, 0.5 and 0.8 were considered to have small, medium, and large effects, respectively (Cohen, 1988 ). Fisher's Z was useful for combined meta-analysis as Fisher's Z was less affected by small sample bias (Rosenthal, 1991) . For each effect size estimate, 95 percent confidence intervals were calculated. Positive effect sizes represented favorable results for the control group in motor error and motor time categories. This means control group made fewer errors and took less time in a motor test compared to SLI group. Negative effect size represented a favorable result for the control group in motor score category. This means control group had a higher motor score compared to SLI group.
Results
Overall, 42 studies were identified after utilizing the three search strategies.
Twenty six (26) studies did not meet the inclusion criteria and were excluded from metaanalysis. 13 of the 26 studies did not include SD or mean data necessary for calculation of effect size, 11 did not have a normally developing control group, and 2 were not the original studies. In particular, 16 studies met the inclusion criteria and were included in the meta-analysis. Altogether, these studies included total 621 children with speech/language impairments, 446 normally developing control children, and yielded 110 effect sizes, representing total number of motor measures included in meta-analysis. Table 1 shows the detailed statistics for each outcome measure from studies included in meta-analysis. Table 2 shows fixed and random combined effect sizes for each outcome measure. The overall Q value was equal to 782.02 with p-value less than .001 and the overall I-squared value was equal to 86.06, suggesting high degree of heterogeneity among studies. As the result, the random effects analysis was also performed to consider variability within and between studies.
For each individual category, medium to strong association of motor impairments with speech/language impairments was found in the present study. Both motor score and motor time categories had medium effect sizes. Using fixed effect analysis, the d for Motor and language impairments 11 motor score was -.50 (p <.001) and d for motor time was .47 (p <.001). Using random effect analysis, the d for motor score was -.61 (p <.001) and d for motor time was .47 (p <.001). The d for motor error category was very high. The d was 1.12 (p <.001) and 1.23 (p <.001), using fixed effect and random effect analyses, respectively.
Discussion
The results of this study support the hypotheses that children with speech/language impairments exhibited motor impairments, specifically in three composite measures of motor error, motor score, and motor time, compared to children with normal development. All of the studies included in meta-analysis and identified during search, provided evidence of co-morbidity existing between poor motor skills and speech/language impairment. The findings of the present study are consistent with Therefore, the present meta-analysis, along with other studies, shows that there is an association between motor and speech/language impairments in children, and raises further question into what could be the explanation of such association. Language is a cognitive function, thus, it is important to discuss relationships between cognitive and motor functions to understand the implication of the present meta-analytical results.
Recent literature supports the idea that motor development and cognitive development are interrelated and interactive, and that language abilities and motor abilities are also interdependent since language abilities are considered as high level cognitive abilities (Diamond, 2000; Pulvermuller et al., 2005; Wassenberg et al., 2005; Meister et al., 2003; Floel et al., 2003; Grossi et al., 2007) . According to Diamond's (2000) literature review, motor development and cognitive development are interconnected, and when cognitive functions become impaired, motor functions often also become impaired. Diamond further states that motor problems are common in children with developmental disorders such as dyslexia, specific language impairment, autism and Attention Deficit Hyperactivity Disorder (ADHD). Diamond (2000) found that cognitive functions are important for proper motor performance. To support the association between motor and cognitive functions, Wassenberg et al. (2005) found in a study of 5 to 6 year-old children that motor performance was related to cognitive functions, such as attention and executive functioning. Accordingly, specific cognitive and motor functions develop congruently during both normal and delayed development of children (Wassenberg et al.,
2005).
To provide further evidence of influence of speech and language on motor functions, Meister et al. (2003) examined the excitability of hand motor area during reading aloud using transcranial magnetic stimulation (TMS). During reading aloud, excitability was increased in the dominant hemisphere's hand motor area. The result indicates a specific functional connection between the hand motor area and the cortical language network. In another study, Floel et al. (2003) also used TMS to assess the effects of language on motor cortex excitability. The study found that speech causes an automatic activation of the motor processes involved in gestures. Based on this study's experiments, pure linguistic perception, in addition to other linguistic tasks, causes an activation of hand motor system. Glover, Rosenbaum, Graham, and Dixon (2004) showed that words can activate motor functions, by demonstrating that grip size can be affected by reading words that represented objects with different sizes, such as grape and apple.
Further, some studies showed that motor performance can impact language.
Pulvermuller, Hauk, Nikulin, and Ilmoniemi (2005) demonstrated that the left hemisphere's cortical systems for language and action are interlinked and that activation in motor areas can influence the processing of words semantically related to arm and leg actions. These results provide evidence that the functional link exists between two systems and that there is an interaction in the processing of meaningful information about language and motor action (Pulvermuller et al., 2005) . Furthermore, Gentilucci, Stefanini, Roy, and Santunione (2004) , demonstrated the impact of motor performance on speech and mouth movements. In one of the study's experiment, a fruit was placed in the participant's hand and then the participant moved the fruit to his/her mouth. At the end of the action, each participant was required to pronounce 'BA'. The experiment had an effect on the participant's mouth movement and voice intensity.
Since motor and speech/language impairments frequently co-occur, and are interrelated and linked on a cognitive level, the boundary lines between occupational, physical and speech/language therapies in the assessment and intervention of these children may be blurred. For proper intervention, these therapies should be integrated to maximize the effectiveness of treatment. Missiuna, Gaines and Pollock (2002) argue that it is important to recognize the motor coordination problems as soon as possible, to avoid or minimize possible learning, emotional and social problems as children age. Speech therapy professionals who often treat young children with developmental problems should be able to recognize motor coordination problems early on, and when necessary, refer these children to occupational and physical therapists (Missiuna, Gaines & Pollock, 2002) .
Clinical Implication
Occupational therapists, incorporating many treatment approaches can influence clients' motor and cognitive abilities. Since language and motor actions are connected on a cognitive level, occupational therapy professionals can incorporate cognitive and language aspects to influence motor abilities or incorporate motor movements to enhance cognitive functions when designing treatments for persons with various disabilities.
It is known that motor skill, play, and social communications are important components in a child's life for development of more complex skills. The results of the present study emphasize the importance of an extensive and timely motor assessment for children with speech and language impairments because they are at risk for motor impairments. If these children are not identified and treated early, they most likely would show problems in everyday living, including in academic skills. Thus, early information about these children with speech/language and motor impairment could lead to early occupational therapy services and other interventions to address motor and speech deficits.
Limitations of Meta-analysis
Despite a rigorous search, many studies were not included in the meta-analysis, such as unpublished studies or studies published in languages other than English. These studies might lead to alternative results. Thus a publication bias is possible. Also, the results of the meta-analysis may have been influenced by various study features, such as a test environment, differences in populations, different tests and accuracy of Motor and language impairments 15 measurements (Wilson & McKenzie, 1998) . In addition, there was no weighting of effect sizes by sample size or study quality.
Conclusion
The meta-analysis of the present study has supported prior assertions that there is an association between motor and speech/language impairments in children by providing evidence that children with speech/language impairments performed more poorly on motor measures compared to children with normal development. These findings suggest a need for proper early diagnosis and for implementation of an integrated occupational, physical and speech therapy approach. Clinicians need to correctly identify motor difficulties underlying the speech and language disorders to facilitate appropriate integrated and holistic treatment. Thus the findings of the present study warrant a need for further research into the integrated treatment approach, especially in children with speech and language impairments. Bradford and Dodd (1996) 3 5 p -1.83 -3.67 <.001 Motor score Bradford and Dodd (1996) 4 m p -0.14 -0.49 .624 Motor score Bradford and Dodd (1996) 5 n p -0.64 -1.75 .080 Motor score Bradford and Dodd (1996) 
